ABSTRACT The effect of undernutrition during suck ling on phosphoryl serine levels was investigated in rats. Young rats were undernourished by suckling their lactating mothers fed an 8% (by weight) protein diet. Mothers of normal rats were fed a 25% protein diet. After weaning (21 d), normal and undernourished rats were fed a 25% protein diet until 90-120 d of age. Previously we observed that undernutrition during suckling decreases the levels of phosphoryl serine in nuclear proteins from the whole brain of adult rats. In this paper we report more specifically on the effect of undernutrition during this period on the levels of phos phoryl serine in nuclear and synaptosomal proteins from the cerebral cortex of young and nutritionally rehabilitated adult rats. In young, undernourished rats the levels of phosphoryl serine in nuclear proteins were significantly lower (28%) than those in control ani mals. This alteration persisted in nutritionally rehabil itated adult rats. Serine and protein levels in cerebral cortex were the same in all groups. No alteration in the levels of phosphoryl serine In the synaptosomal frac tion was observed. J. Nutr. 120:594-597, 1990.
INDEXING KEY WORDS:
â€¢undernutrition â€¢brain â€¢phosphoryl serine â€¢rats
In rats, substantial brain development, including glia cell proliferation, synaptogenesis and many changes in neurochemistry, occurs during the perinatal period. At this time the brain is very sensitive to environmental conditions such as nutritional status. Early temporary undernutrition during the perinatal period may alter brain development by affecting neurochemical parame ters such as brain RNA content and protein metabolism Histones and nonhistones are protein components of the nuclear chromatin. These DNA-associated proteins are thought to regulate gene expression in the cell. Phosphorylation and other posttranslational modifica tions of these proteins seem to affect the DNA-protein interaction and the activity of some nuclear proteins involved in metabolic pathways of RNA and protein biosynthesis (4) (5) (6) .
Synaptosomes constitute an excellent model system for investigation of the role of protein phosphorylation in synaptic processes (7) .Byusing this preparation it has been shown that phosphorylation of synaptosomal pro teins is involved in various aspects of neurotransmis sion, such as neurotransmitter metabolism, receptor function and second messenger levels (8) .
During the normal early development of brain there are temporal modifications in nuclear protein phosphor ylation (5, 9, 10), RNA metabolism (11, 12) , protein biosynthesis (13)and synaptosomal protein phosphory lation (14) , all of which are affected by undernutrition (1-3). Previously we showed that early postnatal under nutrition decreases the basal levels of phosphoryl serine (used as an index of protein phosphorylation) in nuclear proteins obtained from rat brain and also affects the alteration in phosphoryl serine level in response to behavioral sessions (3) .
We now report our observations on the effect of early postnatal undernutrition on levels of phosphoryl serine in nuclear and synaptosomal proteins from the cerebral cortex of young and adult nutritionally rehabilitated rats. 
MATERIALS AND METHODS
Diets and rats. Wistar rats from our breeding stock were used. Pregnant rats fed since birth a 25% (by weight) protein diet were housed in individual cages.
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Beginning the day of delivery, dams were fed either a 25% protein diet (25% group) oran 8% protein diet (8% group). The 8% protein diet was prepared by substitut ing protein with carbohydrate so that the two diets were isoenergetic. The composition of these diets has been published previously (8) . Each litter was adjusted to eight rats. At the day of weaning (21 d), one or two rats in each group, randomly chosen, were killed for neurochemical analyses and the others remained in cages and were fed the 25% protein diet. When these rats were 90 d old they were killed for neurochemical analyses. Thus the 8% group differed from the 25% group only in the protein intake of their mothers during suckling. Rats from both sexes were used because we observed no influence of sex on the parameters studied.
Preparation of the nuclear protein fraction. In each experiment, rats from the 25% and 8% groups were simultaneously removed from their cages and killed immediately. The brain was quickly excised and placed on an inverted Petri dish on ice and the cerebral cortex was removed. The subsequent steps were conducted at 4Â°C. The nuclear fraction was prepared according to Giuffrida et al. (15) .The cortex was homogenized in 0.32 mol/L sucrose containing 1 mmol/L potassium phos phate buffer, pH 6.4, and 3 mmol/L MgCl2 (l g of tissue/10 mL). The suspension was centrifuged twice at 1000 x g for 10 min at 4Â°C and the supernatants were pooled and used for preparation of the synaptosomal fraction. The last pellet was suspended in 2 mol/L sucrose containing 1 mmol/L potassium phosphate buffer, pH 6.4, and 1 mmol/L MgCl2 and centrifuged at 75,000 x g for 60 min at 4"C (Beckman ultracentrifuge, model L5-75B, SW 50.1 rotor, Beckman Instruments, Palo Alto, CA). The pellet was suspended in 10 g/100 mL trichloroacetic acid (TCA) and centrifuged twice at 1000 x g for 10 min at 4Â°C. The pellet was suspended in ethyl ether (saturated with water) and centrifuged at 1000 x g for 10 min at 4Â°C. This final pellet was the nuclear protein fraction.
Preparation of the synaptosomal protein fraction. The supernatants obtained from the two first 1000 x g centrifugations during the isolation of the nuclear pro tein fraction were pooled and centrifuged at 9000 x g for 25 min at 4Â°C (Sorvall centrifuge, RC-2B, SS-34 rotor, Du Pont Instruments, Newtown, CT). The pellet was suspended in 0.32 mol/L sucrose and centrifuged again at 9000 x g for 25 min. The pellet was suspended in 0.5 mL of 0.32 mol/L sucrose and layered in the top of a discontinuous sucrose gradient (0.8 mol/L and 1.2 mol/L) and centrifuged at 145,000 x g for 60 min at 4Â°C (Beckman ultracentrifuge, L5-75B, SW 50.1 rotor). The synaptosomal fraction (layered at the 0.8 mol/L and 1.2 mol/L sucrose interface) was collected, diluted with distilled water to 0.32 mol/L sucrose and centrifuged at 25,000 x g for 15 min at 4Â°C (16) (Sorvall centrifuge, RC-2B, SS-34 rotor). The pellet was suspended in dis tilled water, the protein was precipitated by adding TCA (10 g/100 mL) and the suspension was centrifuged at 1000 x g for 10 min at 4Â°C. The pellet was suspended in ethyl ether (saturated with water) and centrifuged twice at 1000 x g for 10 min at 4Â°C. This final pellet was the synaptosomal protein fraction.
Hydrolysis of proteins. The proteins were hydrolyzed with 4 mol/L HCl in the absence of O2 at 110Â°C for 270 min. The hydrolysates were freeze-dried over solid potassium hydroxide (3) .
Purification of phosphoryl serine. Phosphoryl ser ine from the hydrolysates was purified using columns (3.5 x 0.9 cm) of Dowex 50 (X-12, H+ form, 200-400 mesh) equilibrated with 0.05 mol/L HCl and eluted with the same solution (17) .Standard phosphoryl serine (pres ent in a standard amino acid mixture) was eluted be tween 4 and 12 mL. Therefore the fraction between 3 and 13 mL was used to determine phosphoryl serine contents in the samples. The eluates were freeze-dried over solid potassium hydroxide and resuspended in dis tilled water and freeze-dried again. The residue was suspended in water and applied to Whatman 3MM paper sheets (20 x 20 cm). Three ascending unidimensional separations were conducted, the first two using propanol/ammonium hydroxide (7:3, v/v) and the third using butanol/glacial acetic acid/water (6:1.5:2.5, v/v). In the two first separations, phosphoryl serine remained on the origin; in the third run its rate of flow (Rf)was 0.24. The separation of phosphoryl serine from other amino acids was clear.
Measurement of phosphoryl serine. Phosphoryl ser ine was measured by the ninhydrin-cadmium method according to Atfield-Morris (18). The chromatography paper was immersed in medium containing 0.2 g/100 mL ninhydrin and cadmium acetate (8/1, v/v). After air drying, the paper was maintained in a dark, closed atmosphere containing a small paper disk soaked in concentrated sulphuric acid. Color development reached a maximum after 12-24 h. The phosphoryl serine spot was cut out and the color eluted in methanol. The solution was evaporated under a stream of N2, the colored residue was diluted with methanol to adequate volume and the color intensity was measured at 500 nm (Zeiss spectrophotometer, PM2K, Carl Zeiss, Thornwood, NY).
Measurement of serine. Serine was measured ac cording to Schwartz (19) modified for local conditions. Twenty microliters of 4 g/100 mL periodic acid and 250 uL of a mixture of acetilacetone/acetic acid/ammonium acetate (1 mL/0.3 mL/1.5 g) in 100 mL of ethanol/water (1:1, v/v) were added to the samples of hydrolyzed pro tein. The tubes were kept between 20 and 30Â°C for 60 min and then the color intensity (the color was specific to serine,-data not shown) was measured at 450 nm (Zeiss spectrophotometer, PM2K).
Measurement of protein and DNA. Protein was measured by the method of Lowry (20) and DNA by reaction with diphenylamine (21). analysis. Statistical analysis was done by Student's Ã®-test. Differences were considered significant at p < 0.05.RESULTSBody and brain weights of those rats that were under nourished during suckling were significantly lower (p < 0.05) at weaning than those of normal rats. These differences remained after nutritional rehabilitation until 90 d of age (Table 1) but were proportionally smaller. Normal and undernourished rats had the same DNA and protein concentration in cerebral cortex at 21 d and at 90 d of age (Table 1) .
Levels of serine in proteins from nuclear and synaptosomal fractions in undernourished rats were not dif ferent from those of normal rats at 21 d and 90 d of age ( Table 2) . Levels of phosphoryl serine in proteins from the nuclear fraction of undernourished rats were signif-TABLE221- Table 2) . Levels of phosphoryl serine in proteins from the synaptosomal fraction in the undernourished rats were not different from those in normal rats at 21 or 90 d of age (Table  2) .DISCUSSIONUndernutrition affects neuronal connection and, consequently, synaptic transmission. Because protein phosphorylation is an important neurochemical process involved in synaptic transmission (7, 8) and shows tem poral modifications during the suckling period (14),we investigated the effect of undernutrition during suck ling on protein phosphorylation in the synaptosomal fraction. Phosphoryl serine levels from synaptosomal proteins were not affected by the undernourished model used in this study (Table 2) .
Undernutrition during suckling decreased phos phoryl serine levels in brain cortex nuclear proteins without affecting serine and protein levels (Table 2) , indicating a specific effect of undernutrition on systems that interconvert phosphoryl serine and serine and, con sequently, may modulate the functions of some pro teins. This effect was not reversed by nutritional rehabilitation (Table 2) , indicating a permanent neuro chemical effect of postnatal temporary undernutrition. These results are in agreement with our previous re search that showed that undernutrition during suckling decreases phosphoryl serine levels in nuclear proteinI fractions obtained from the whole brain of 90-d-old rats (3). Nuclear protein phosphorylation systems in the brains of normal rats showed temporal modifications during the first 21 d of life (5, 9, 10) ,the period when the rats were submitted to undernutrition in our studies. Nuclear protein phosphorylation is an event related to modulation of RNA synthesis and consequently to mod ulation of protein biosynthesis (11, 12) .Therefore, early temporary undernutrition may alter the ontogeny of nuclear protein phosphorylation systems, altering phosphoryl serine levels in nuclear proteins, leading to al tered RNA and protein biosynthesis (1, 3) . This hypothesis may be valid even though total protein levels were not affected by undernutrition (Table 1 ) because a small alteration in protein biosynthesis may be suffi cient to affect some cellular functions without varying total protein levels. Variation in the synaptosomal con tent of phosphoryl serine was not observed in this model of undernutrition. However, this does not exclude the possibility of alterations in specific synaptosomal phosphoproteins.
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